Tuberculosis is a widespread and deadly infectious disease, and one third of the human population is already infected. Vitamin B 6 is known to be synthesized through consecutive reactions mediated by pyridoxal biosynthesis lyase (PdxS) and glutamine amidotransferase (PdxT). The gene product Rv2606c, the PdxS pyridoxal biosynthesis lyase from Mycobacterium tuberculosis, was crystallized using the hanging-drop vapour-diffusion method in the presence of 8%(w/v) PEG 8000, 0.1 M 3-(cyclohexylamino)-1-propanesulfonic acid pH 10.5 and 0.2 M sodium chloride at 295 K. X-ray diffraction data were collected to a maximum resolution of 1.7 Å on a synchrotron beamline. The crystal belonged to space group I222 or I2 1 2 1 2 1 , with unit-cell parameters a = 110.75, b = 126.08, c = 180.82 Å , = = = 90 . With three molecules per asymmetric unit, the crystal volume per unit protein weight (V M ) was 3.79 Å 3 Da À1 .
Introduction
Tuberculosis is an infectious bacterial disease caused by Mycobacterium tuberculosis, which most commonly affects the lungs (Dye et al., 1999) . With the emergence of multi-drug-resistant strains of M. tuberculosis, the development of new tuberculosis drugs is becoming more and more critical and urgent (Coker, 2004; Klemens et al., 1993; Sandgren et al., 2009; Bolla et al., 2012) . Understanding the molecular mechanisms underlying drug resistance in tuberculosis is essential for the development of new drugs.
The biologically active form of vitamin B 6 , pyridoxal 5-phosphate (PLP), is the metabolically active form involved in many amino-acid metabolism reactions (Hayashi, 1995; John, 1995; Eliot & Kirsch, 2004) . It is synthesized by the glutamine amidotransferase type I pathway composed of the pyridoxal biosynthesis lyase PdxS and the glutamine amidotransferase PdxT (Burns et al., 2005; Gengenbacher et al., 2006) . PLP is synthesized by PdxS using ammonia generated by the conversion of glutamine into glutamate by PdxT. There is also an independent pathway for the generation of PLP known as the deoxyxylulose 5-phosphate (DXP) dependent pathway. While the DXP-dependent pathway has been extensively studied in Escherichia coli, the DXP-independent pathway is widespread amongst archaea, plants, fungi and most bacteria (Sivasubramaniam et al., 1995; Galperin & Koonin, 1997; Seack et al., 2001; Mittenhuber, 2001) . In the M. tuberculosis genome, the genes pdxS and pdxT are encoded as Rv2606c and Rv2604c, respectively (Cole et al., 1998) . Recently, vitamin B 6 biosynthesis has been shown to be essential for the survival and virulence of M. tuberculosis in the mouse model (Dick et al., 2010) . Vitamin B 6 biosynthesis may be an effective target for the development of new antituberculosis agents. As a step towards elucidating the function and activity of the enzyme, we cloned the Rv2606c gene from M. tuberculosis and purified the Rv2606c protein.
Crystals of the Rv2606c protein were obtained by the hanging-drop method. Diffraction data were collected to a resolution of 1.7 Å . Here, we describe the cloning, expression, purification, crystallization and X-ray crystallographic analysis of the Rv2606c protein.
Expression and purification of recombinant Rv2606c protein
The Rv2606c gene (GenBank accession No. CAB08614.1) was amplified from the M. tuberculosis H37Rv chromosome by polymerase chain reaction (PCR). Using the restriction enzymes NdeI and XhoI, the PCR product was then subcloned into pPROEX HTa (Invitrogen) with a 6ÂHis tag at the N-terminus and a recombinant TEV protease (rTEV) cleavage site. The resulting expression vector pPROEX HTa:Rv2606c was transformed into E. coli strain B834 and the cells were grown in LB medium containing 100 mM ampicillin at 310 K. After induction with 1.0 mM isopropyl -d-1-thiogalactopyranoside (IPTG), the cells were grown for a further 20 h at 293 K and were harvested by centrifugation at 5000g at 277 K. The cell pellet was resuspended in ice-cold buffer A (40 mM Tris-HCl pH 8.0, 5 mM -mercaptoethanol) and disrupted by ultrasonication. The cell debris was removed by centrifugation at 12 000g for 20 min and the lysate was bound to Ni-NTA agarose (Qiagen). After washing with buffer A containing 20 mM imidazole, the bound proteins were eluted with 300 mM imidazole in buffer A. The 6ÂHis tag was released from the Rv2606c by incubation with rTEV protease (Gibco). The resulting recombinant protein had the extra amino acids Gly-Ala before the first methionine. The protein was further purified by ion-exchange (Q Sepharose, GE Healthcare) chromatography with a 0-50% gradient from buffer A to buffer A supplemented with 1 M NaCl. Finally, trace amounts of contaminants were removed by size-exclusion chromatography on a Superdex 200 prep-grade column (320 ml, GE Healthcare) equilibrated with buffer A. The protein eluted at a molecular weight of $400 kDa, indicating that the Rv2606c protein, which has a molecular weight of 33.4 kDa, forms a dodecameric structure. All purification experiments were performed at 277 K. The degree of protein purification was confirmed by SDS-PAGE (Fig. 1) . The purified protein was concentrated to 22 mg ml À1 in 40 mM Tris-HCl pH 8.0, 1 mM dithiothreitol.
Crystallization
Crystallization of the purified protein was initially performed by the hanging-drop vapour-diffusion method at 295 K using commercially available sparse-matrix screens from Hampton Research and Emerald BioSystems. Each experiment consisted of mixing 1.5 ml protein solution (22 mg ml À1 in 20 mM Tris-HCl pH 8.0, 5 mM -mercaptoethanol) with 1.5 ml reservoir solution and equilibrating the drop against 0.5 ml reservoir solution. Rv2606c crystals were observed from several crystallization screening conditions. After several optimization steps using the hanging-drop vapour-diffusion method, the best-quality crystals appeared in 5 d using a reservoir solution consisting of 8%(w/v) PEG 8000, 0.1 M 3-(cyclohexylamino)-1-propanesulfonic acid pH 10.5, 0.2 M sodium chloride and reached maximal dimensions of approximately 0.2 Â 0.2 Â 0.4 mm (Fig. 2) . 
X-ray analysis

Figure 3
Diffraction image of Rv2606c. The highest resolution diffraction spot was observed at 1.7 Å and is indicated by an arrow. acid pH 10.5, 0.2 M sodium chloride, 30%(v/v) glycerol, fished out with a loop larger than the crystals and flash-cooled by immersion in liquid nitrogen at 100 K. Diffraction data were collected to a resolution of 1.7 Å (Fig. 3) on beamline 7A of the Pohang Accelerator Laboratory (PAL), Pohang, Republic of Korea using a Quantum 270 CCD detector (ADSC, USA). The data were indexed, integrated and scaled using the HKL-2000 suite (Otwinowski & Minor, 1997) . The crystals belonged to space group I222 or I2 1 2 1 2 1 , with unit-cell parameters a = 110.75, b = 126.08, c = 180.82 Å , = = = 90 . A selfrotation function was calculated with the program MOLREP (Vagin & Teplyakov, 2010) to 3.3 Å resolution with a radius of integration of 45.69 Å . A peak in the = 120 section suggests the presence of a noncrystallographic threefold axis (Fig. 4) . Assuming three molecules of Rv2606c per asymmetric unit, the crystal volume per unit of protein mass was 3.79 Å 3 Da À1 (Matthews, 1968) , which corresponds to a solvent content of approximately 67.55%. The data statistics are summarized in Table 1 . Solving the phasing problem for structure determination of the Rv2606c protein is in progress. 
Figure 4
Stereographic projection of the = 120 section of the self-rotation function calculated using data in the resolution range 31.9-3.3 Å and an integration radius of 45.69 Å .
